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Spatial Resolution

Overview
Our investigations studied the effects of different coupling
material’s electrical conductivity, and thickness to optimize
electrical impedance matching and the voltage drop across
the sample to improve Pulsed Electroacoustic (PEA) signal
fidelity and spatial resolution. PEA measurements allow us
to determine the spatial distribution and temporal
evolution of embedded charge in thin dielectric materials.
This has important applications in high-voltage DC power
cable insulation,
high-power electronic devices,
semiconductors, high-energy and plasma physics
apparatus, and spacecraft industries.

For the signal to propagate through the sample stack (Fig. 4)
each layer must be acoustically and electrically coupled.
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Spatial resolution is decreased by coupling layers in two
main ways:
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• Ringing due to impedance mismatch or multiple
reflections within the coupling layer, as shown in Figure 2
• Polarization of coupling layer
Anode

Higher spatial resolution is needed for applications such as
spacecraft charging where the relevant materials and
charge penetration depths are on the order of a few to
hundreds of microns.
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Figure 2: Multiple acoustic reflections happen within each
material[2] (left). Ringing in the PEA waveform (right).

PEA Method

Figure 3: PEA system (left). PEA sample stack (right).

Figure 4: Typical PEA sample stack set-up (left). Multi-layer set-up
to isolate coupling layer response (right).

Our PEA system, as pictured in Figure 3, utilizes a ~1000 V
pulse with 0.4 ns rise time and 0.7 ns FWHM. The peak
pulse frequency is ~100 MHz. Each sample was measured
with a 7 kV DC voltage applied.
The effect of each coupling media was isolated by
changing the coupling layer between two 127 µm thick
Polyimide (Kapton) sheets. This interface is indicated with
the red dashed box in figures 4 and 5. Properties of the
coupling layers are shown in Table 1.
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Figure 1: Simplified graphic of PEA system
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PEA measurements nondestructively probe internal charge
distributions. Referring to Figure 1, dielectric material (4) is
placed directly in contact with the cathode (5) and anode
(3) electrodes. A signal generator produces a pulsed electric
field. This causes pressure waves from embedded charge
perturbed by the pulsed field, which are in turn detected by
the piezoelectric sensor (2), and recorded on an
oscilloscope. Simple time of flight calculations determine
the spatial distribution of charge. Signal processing is
required to obtain charge distribution plots[1].
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Table 1: Characteristics of relevant materials in PEA sample stack
Material
Aluminum

Speed of
Sound (m/s)
6420

Polyimide
2270
(Kapton)
Light Machine
~2000 - 3000
Oil
Silicone Oil
1350
Cyanoacrylate
3200 - 3330
(Super Glue)

Conductivity
(pS/m)
3x1019

Dielectric
Constant (εr)
1

Thickness
(µm)
-

Resolutiona
(µm)
-

10-1

3.5

127

-

~1 – 100

~2.8

≤1

8.6 - 13

10-3

2.7

≤1

6.9

10-2

2-3.5

(1-3)/52

19.6 – 20.4b

aSpatial

Resolution determined by FWHM of peak in coupling layer interface PEA signal
bValues shown for 52 µm thick glue
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Figure 5: Superimposed graphs of the raw PEA waveforms with differing coupling material at center interface
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The PEA waveforms for each coupling media are substantially
different and can be seen at the center interface in Figure 5,
indicated with a red dashed box. Ultra thin glue’s response has a
negligible amplitude at the interface, while a thinner silicone or
light machine oil give a much higher amplitude. This could be
due in part by polarization, or perhaps conductivity which
effects how much voltage is dropped across the coupling layer.
The dielectric constants listed in Table 1 are for a different
frequency than being used, and could conceivably be different in
our range of interest. Both the oil layers and ultra thin glue
layers are thin enough that there should be no effect in the
signal from multiple reflections at this frequency. Although, the
thin glue is thick enough to show a response from this effect.
This could explain why the thin glue shows a response at the
interface while the ultra thin glue does not. The oils may polarize
and therefore show a response at the interface, but the thin glue
is thick enough to show a response from the two Kapton-Glue
interfaces.
Note that with use of signal processing and deconvolution we
can increase our spatial resolution by a factor of 2-5, however
that is not the focus of this presentation. Only raw data has been
shown.
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We can draw the apparent conclusion that the ultra thin glue
gives the best spatial resolution. This is seen in Figure 5 where
the interface between the two Kapton layers is essentially
negligible. To mitigate signal broadening, ringing, and overall
response from the coupling media we advise use of ultra thin
cyanoacrylate in PEA systems. Presumably because of how thin
the coupling layers are, conductivity doesn’t seem to be of much
importance.
More work is needed to answer questions about possible
polarization effects of the coupling materials.

